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1.0 Gimbal Description and Support Equipment Assessment

The gimbal subsystem would include a two-axis gimbal housing redundant motors,
harmonic drives, bearings and position encoders; as well as some or all of the following
depending on system requirements:
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. Gimbal drive electronics (GDE) capable of issuing motor drive commands.

Encoder interface electronics capable of reading serial data from the encoder and
routing it to the processor, most likely integrated into the GDE.

Flight processor hosting control software, most likely CFE in the form of a shared
heritage flight processor.

Flight control software derived from the existing UARS SSPP software.

Mechanical platform for mounting scientific payloads, interfacing to gimbal.
Mechanical pedestal or similar adapter between gimbal and spacecraft.

Release and retention mechanisms similar to those used on UARS. If the payload is
smaller, then only the gimbal-mounted retention may be required, reducing packaging
and installation/test complexity.

Thermal control equipment for gimbal and (if necessary) electronics.

Sun sensor, most likely identical to the Platform Sun Sensor (PSS) purchased for
UARS.

The residual test equipment from gimbal component- and subsystem-level development,
which is identified in attachment 1 of this report, includes most of the electrical
equipment (motor drive circuits, encoder serial read circuits, power supplies) necessary
to interface with and control the gimbal elements as well as some of the associated
electronics. This equipment will support the following activities with minimal adaptation:

. Functional checkout and wiring of stepper motors.

Functional checkout and test of the independent gimbal (o/B) axes.

Functional and performance testing of the assembled two-axis gimbal, exclusive of
torque margin testing.

Functional checkout of motor drive circuits for GDE.

The mechanical equipment includes strain gauges and load cells as well as some
fixturing for the gimbal level assembly. With moderate mechanical adaptations, this



equipment would allow torque margin testing of the gimbal in an ambient or temperature
cycle environment, as well as stiffness testing of gimbal assembly.

Additional fixturing would be required for vibration, thermal vacuum or other
environmental testing. In addition, assembly and test fixturing would be required for
lower levels of assembly during which the bearings and drives are integrated onto the
gimbal shafts, motor and encoder assemblies are built up, and runout and torque
disturbance measurements are made.

For GDE testing (particularly the encoder interface), additional electrical equipment
would be required, as would a box-level test fixture which would allow vibration and
thermal testing. The subsystem-level testing would include the GDE, gimbal, sun
sensor, platform and interface structures, as well as a breadboard model of the flight
processor (most likely government furnished). Depending on the payload dimensions
and mass properties, this testing would likely require dedicated mechanical fixturing.

In most cases, test cables would have to be designed and fabricated specifically to the
test configurations.

2.0 Evaluation Results regarding Space Station Support Applications
2.1 General

Charts contained in attachment 2 of this report summarize the performance
requirements, architecture, component designs, development process and on-orbit
results for the UARS Solar Stellar Pointing Platform (SSPP), on which the new pointing
system would be based. The SSPP was able to accommodate three solar- and stellar-
viewing instruments with precise (180 arc-sec) pointing and tight (1 deg C) thermal
requirements in a robust and reliable manner. The SSPP hardware functions in a low-
Earth orbit having environmental conditions (altitude, inclination, solar angle) similar to
those expected for the space station. The SSPP software allows either manual or
autonomous control of the pointing and is adaptable to a variety of operational
constraints. In addition, the processing and integration of the scientific payloads to the
SSPP were performed by Lockheed Martin in parallel to spacecraft processing, with
minimal serial impact to the bus. During this integration stringent process control was
applied ensuring that the instruments remained damage- and contaminant-free.
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2.2 Resources

The pointing system would accommodate large payloads (up to 800 Ib) and would itself
weigh comparatively little (gimbal weight is 132 Ib). Power requirements for the pointing
system are modest (<40 W for all components exclusive of payload) based on the SSPP
heritage. Data requirements are modest, with only limited serial command and
telemetry, as well as an appropriate number of discrete commands and status telemetry,
required for the gimbal and GDE. For control software operations, very little
commanding is required as the system autonomously switches between the sun and
available stars, and telemetry bandwidths are small due to the low sampling periods (1
sec) employed.

2.3 Interfaces

Electrically, the SSPP GDE was designed to interface to a NASA-supplied Remote
Interface Unit (RIU) which had both serial and discrete data (command & telemetry)
interfaces as well as passive and active analog telemetry interfaces. In addition, the
GDE interfaced with a mission-unique avionics box (the Power Switching Unit) which
provided power switching. Depending upon data bus architecture, it is likely that the RIU
could be forgone in place of a direct data bus terminal in the GDE or space station
standard remote terminal. For the power interface, the pointing system requires
separate 28 V "quiet" and "noisy" lines; if these are not available then the transform and
regulation functions would be integrated into the pointing system definition, most likely
within the GDE.

Thermally, the gimbal is qualified for temperature gradients of up to 10 deg C between
the spacecraft-fixed and payload-fixed ends. It is likely that thermal control equipment
similar to those used for UARS (operational heaters and radiators) would be required to
achieve this parameter. The platform instrument interface temperatures were controlled
to within +/- 1 deg C using large radiator "winds" on the platform and operational heaters.
In addition, compensation heaters were provided in the event an instrument failed.

Mechanically, the UARS spacecraft provided a stable, low-vibration platform to which the
SSPP was affixed. Depending on the solar pointing stability requirements and the space
station jitter environment, it is possible that mechanical isolation would be required,
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either through an isolated mount or by control system filtering, between the space station
and the pointing system.

Geometrically, the gimbal's o/ axes would be readily adaptable for solar tracking as the
space station orbit is very similar to the UARS orbit , although lower in altitude (375 vs
575 km) and slightly less inclined (51.6 vs 57 deg) . The similar inclination means that
as on UARS the majority of tracking motion would be about the primary (o) axis; the
secondary (B) axis would correct for solar "elevation™ across the plane of the space
station ground track. Of course, the platform would have to be located such as to
provide clear fields-of-view (FOV's) for the platform instruments. If the sun sensor is
employed, it's FOV (+/- 2 deg) and stray light avoidance will need to be accommodated
in placement. On UARS, where the payloads were concerned about in-flight outgassing,
the flight software was adapted to slew the platform away from the array should a ground
operations error point them too close.

2.4 Safety & Reliability

Because the UARS hardware was built for a manned flight program, it is likely that many
of the safety and quality assurance requirements applicable to the space station would
be met by the existing designs; however, the details of any space-station specific
requirements would need to be assessed as they became available.

The life-limited aspect of the subsystem would be the gimbal, which has been qualified
for a three-year mission by engineering model test and analysis. The flight unit has been
operating for over four years with no significant degradation. It is likely that the flight
history along with additional analysis and engineering tests could extend the lifetime
qualification as long as eight years at the current pointing requirements.

2.5 Environmental

The orbital environment would be similar to UARS with the exception of increased
particulate and radiation hazards caused by the lower altitudes. Evaluation of these
hazards would be required, especially with respect to radiation effects on the gimbal
encoder LED's. Particulate build-up on the sun sensor optics may be a problem later in
life: however, UARS demonstrated that on-orbit gimbal calibrations could be performed



early in the mission while the sensors are “"fresh”, enabling tight pointing tolerances to be
met later on in "open-loop" fashion without the sensor data.

2.6 Performance

The UARS SSPP was able to reliably "meet or beat" its pointing accuracy, knowledge
and stability requirements for both solar and stellar targets. These were as follows:

1. Solar: 90 arc-sec knowledge, 180 arc-sec placement, 60 arc-sec stability
2. Stellar: 180 arc-sec knowledge, 360 arc-sec placement, 60 arc-sec stability.

In order to accomplish this, the gimbal mounting base attitude must be known precisely
and made available to the pointing software via "actual" Euler parameters. If this is not
known in real-time, then the software can generate “"desired" Euler parameters
generated using spacecraft ephemeris, although accuracy will be reduced.

Because of electrical harnesses routed through the gimbal to accommodate the
payloads, the gimbal could not continuously rotate but instead "rewinds" to re-acquire
targets. The UARS SSPP rewind rate was sufficient to provide 36 minutes of continuous
solar tracking and 15 minutes of stellar tracking per orbit at most sun angles.

2.7 Payload Accommodations

The SSPP gimbal included a wire-wrap harness to provide numerous power and data
interfaces to the three platform-mounted instrument RIU's. In addition, a similar gimbal
constructed for the High Gain Antenna Subsystem (HGAS) included coaxial cables
through which an RF or HF (high frequency) modulated data stream could be sent.

2.8 Conclusion

While a detailed evaluation cannot be performed without specific requirements and
interface definitions, a first-order assessment indicates that the a pointing system based
on the UARS SSPP could be accommodate a large (<800 Ib) sun-pointed scientific
payload for attached to the space station. The adaptation would likely be low-risk and
cost-effective compared to a new design, and would give pointing performance adequate
for spectral or radiometric measurements.
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ATTACHMENT 1

GIMBAL TEST AND SUPPORT EQUIPMENT



000'G1$
005$
00S$
000'0L2$
G26'9%
085'8$
G62'ed
G6Y 1L
G6.'1$
005'2$
G/8'l$
G92'e$
G619
0se$
000'1$
000'St$
000°'05$
00S‘t$
099'9%$
G6.'2$
0Sv$
G6.'2$
00e$
002$
098%
1505

0l8e-Lv 39
6082-L¥ 39
6082-2y 39
€£281/4a Myl
veLl2Ly Yerouds
ddeuy ‘gD
005-G012
aezge IsH
H10€ puejbul maN
0182-L¥ 39
819y lonben
00SAH |onbepy
LE9Y lonBepw
1Dd9 HS-39
183r INS
/6000S
680014 04
92923.v 39
0S€ed ppngd
S/9012 ASH
V..¥8 dH
MS/9012 3SH
00S WS

00S WS

¢E¢ uossnig
POl

juawdinb3 pnoddng pue 1sa] jequiy

Jojejnwig peo’
1ewwesbold jenbiq
Jswweiboad fendbig

yoey ejeQ

Buyoo i

Buljoo |

losueg anbioy
Ae|dsiq seonpsuel]
anu( 1010\

19§ 1s8] vY1vavs
INO peay Jsjpwoweuiq
Jajswoweui(

Aiddng 1amod
uonounp peo

189G 1s8| xog uolje|os]
189S 1891 8Al( fequid
NIA

xog I1sal QN3
lojonpu| ulelis
laonpsuel

lojeiqien

1aonpsuels]

180 peo]

180 peo

leondo *Aog ybiH puels
uolidpasag

59,4989
692989
89,689
(144949
y080LA
00801A

Eresso

- 664589

£92¢989
682589
162589
062589
G2S998Y
8662V
L8ES6D
GG8589
58589
GGSPED
cres8o
0v09€O
00¥569
¥68969
£68969
£900IN
3IbiO

9X20AD
1900AD
AG00AD
rg00AD
S8/0HO
¢8.0HO
Q4S0HO
MZv0HO
ANYOHO
IAPOHO
SAYOHO
HAYOHO
OAPOHO
INYOHO
INVYOHO
rZeoHO
¢l20HO
N9IOHO
Ff1I0HO
gS10HO
Xd410HO
6C00HO
ad4d0HO
oHd0HO
NHA0HO
JI'maN

o M O N OO O~ AN M T W0

- AN M T W O N~®

Q

‘oN'Wsj|



000°00L§
00s'c$
10c$
664
N00'GLS
66$
000'8$
650'¢$
:Ss.muw
LLbS
000'9%
00S'+$
000's$
00s've

§s06)

1182-2v 39
LEYS "1Pu7 19913
0182-2V 39
6082-2v 3D
0182-Lv 39
6082-2 39
LEYS "PPug 10913
1182-LV 39
0013y 39
0182-L¥ 39
0182-L¥ 39
608¢-2¥ 3D
6082-Lb 39
13poi

TEOHIVLLT-LY #M8Q TTRqUED STXY 7 Wi SVl

Jgjjonjuo) wajsAg
yoey anuQ 1010\
lojeihung 10jop
1ajjo1uon) 1amod
18jjonuo) wajsAg
|[oued juiod 1s8 ).
¥oeY Youms Jamod
joued Aejdsig anuQ 1ojopy
Joey Isel vOS
Jgjjonuon) 1emaod
19jjouo) wajshg
|[aued Juiod 1sa1
J9[j0JjU0] 19MOd
Uojidiiasag

96589
656589
29E589
£91589
19ES89
997589
6£€£589
06,589
86101N
2L1589
529589
¥29589
829589

oI'pio

juswdinb3g poddng pue 1s9] jequiy

LBTOY~8SUN 30o2ijuc)
T ‘ON UOTIROTITPOW

60E0AD

B0EOAD

HOEONAD
dOEOAD
NOEOAD
WOEOAD
T0EOND

g0E0ND

6ACOND

dX20AD
NX20AD
WX20AD
HX20AD
JIrMaN

6t
8¢
LE
9¢€
SE
Ve
£
¢t
(35
0
6¢
8¢
X4
9¢
‘ON Wiaj)

J-3-3



ATTACHMENT 2

UARS SOLAR STELLAR POINTING PLATFORM
DESCRIPTION CHARTS
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SVS-11098A

2 October 1989

3.2.1.4.4 Jitter. The short-term stability of the SSPP shall be such that

the change in pointing error due to all disturbance sources does not exceed 60

arc-seconds (3¢) during any one second period. Error sources affecting Sspp

short term stability include: spacecraft structure dynamics, motor step size,

motor drive/sensor error, harmonic drive and gear train accuracy, cable wrap
and bearing friction.

3.2.1.5 Offset pointing

. 3.2.1.5.1 Incremental. The SSPP shall provide for offsetting the pointing

e direction in increments of not greater than 3 arc minutes over a range of 160
arc-minutes along each of two orthogonal axes, one axis at a time. Each

NS offset position shall be capable of being held for six minutes minimum. The
settling time between offset changes shall not exceed two minutes.

3.2.1.5.2 Scanning. The sSPP shall provide for offsetting the pointing
direction at snominal alpha tracking rate relative to the tracking rate, for
+one degree from the tracking position, along each of two orthogonal axes, one
axis af a time. :

e

3.2.2 Physical characteristics

3.2.2.1 Mass properties

3.2.2.1.1 Height. The total weight of the SSPP subsystem shall be 655 +7
pounds. The weight of the Platform Assembly with instruments, as mounted on
the Observatory forward structure, shall not exceed 980 pounds. Allocations
are listed in Table II with notation of those items whose weight is included
in other subsystems.

3.2.2.1.2 Moments of inertia. The moments of inertia of the SSPP moving mass
corresponding to weights of Table II about axes fixed to the SSPP and passing
through the intersection of the gimbal axes shown in Figure 2 shall be as
listed in Table III.

MASS  RRoRS

13 uars2/2-229/0M
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Table II. SSPP Weight

SSPP Subsystems Other Subsystems
Item Pounds Pounds

! Platform Assembly

Structure 348
Gimbal 134
Electrical Harnesses 11
Thermal Cover, Heaters 20
Retention 79
Sun Sensors (2) 8
ACRIM II 56
SOLSTICE 48
SUSIM 255
RIU's (3) 14.2
Pyro Repeater Mod. 0.8
Subtotal 600 374
Mounted elsewhere
GDE 12
_ Retention Supt. Structure 43
Total, by subsystem 655

3.2.2.2 Mechanical natural freguency. The mirimum mounting natural frequency
design goal for the SSPP stowed in the launch position shall be as specified
in SVP-11111. In the tracking configuration, frequencies less than 1.3 Hertz
(Hz) shall be avoided.

3.2.2.3 Launch configuration. The SSPP shall be retained at alpha equals
310.2 degrees and beta equals -10 degrees.

3.2.2.3.1 Retention function. The retention system shall be capable of
releasing and securing the SSPP upon ground command.

3.2.2.3.2 Retention motor. The retention system shall be operated by motors
as specified in SVS-11075.

14 uars2/2-229/0M
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Table III. SSPP Moments of Inertia
Units = Slug Feet?

Ixx 37-3 10-8
133 38.5 20.8
Iny 5.2 40.2
Iyy -2.0 30.2
sz -0-8 :0-2

3.2.2.4 Gimbal. The gimbal shall be as specified in SVS-11065.

3.2.2.4.1 Axes. One gimbal axis shall be fixed to the Observatory parallel
to the Y axis, and designated as «(alpha). The second axis shall be
perpendicular to the alpha axis, and designated as B (beta), as shown in
Figure 2.

3.2.2.4.2 Angles. The angle of each gimbal axis shall be designated «
(alpha) and B (beta), as shown in Figure 2. The SSPP shall be able to be
positioned at any angle between the 1imits, which include zero degrees, listed

in Table IV.
Table IV. Gimbal Operating Angular Displacements
Axis Angle Degrees Rates Degrees/Sec.
From To From To
Alpha -55 247 -0.200 +0.200
Beta -2* 83.4 -0.155 +0.155

* Does not include stowed position

3.2.2.4.3 Rates.

The SSPP shall be able to rotate about gimbal

listed in Table IV.

N\NQE /RRYES

axes as
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2 October 1989

3.2.2.7 Power. The maximum electrical power required by the SSPP, exclusive

of the instruments, and thermal control shall be 11.2 watts from the pulse

bus, and 27.5 watts from the quiet bus. Table V 1lists the orbit average and
maximum power required by components of the SSPP Subsystem on the platform.

Table V. SSPP Electrical Power

Orbit Average Maximum Condition of
Item Watts (1) Watts Max. Power Ref.
Motor-aipha 2.3 7.2 72 pps @ 28 V
Motor-beta 1.6 7.2 72 pps € 28 V
Encoders (2) 5.2 8.0
Piatform Sun Sensor 1.6 2.0 BV

(1) Orbit average is defined as tracking for 76 percent, and slewing for 24
percent of orbit at 28 V.

3.2.2.8 Thermal control. The SSPP shall provide thermal control to maintain
the temperature requirements of the instruments as specified in applicable
thermal ICD's (Table I) in accordance with SVS-11095.

3.2.3 Reliability. The reliability design sufficiency of the SSPP shall be
such that it can support a useful orbital design 1ife of not less than 36
months assuming continuous operation after 36 months in storage and 2000 hours
of testing. The expenditure of design life at the SSPP (accumulated cycles)
during assembly testing, acceptance/protofiight testing, integration, storage
checkout, and on-orbit life shall be not more than 40,000 cycles. One cycle
is defined as travel of a gimbal axis between extremes in both directions.

The design of the SSPP shall be such that the specified performance will be

maintained considering all identifiable wearout factors and expendable
depletions. Electrical and mechanical redundancy shall be applied to

i8 uars2/2-229/DM
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SVS-11111D
1 August 1990

subsystem minimum mounting resonant frequencies of 50 Hz or less are specified
in Table VIII. Adherence to these minimum frequencies is strongly recommended
but not required.

SQ

Table VIII. Design Goals for Minimum Resonant Frequencies of
' Subsystem/Component Mounting

Subsystem or Component Resonant Ffequency (H2)
Stowgd Solar Array Assembly 17 (See Note 1)
Stowed HGA Dish 35

; Antenna Feed 50
Stowed ZEPS Boom 50
Stowed HGA 50
Large Components, tncluding SSPP (Locked) 35 .
small Components and Panels (<200 1bs.) 50

Note: 1. Seventeen (17D Hertz or 1.4 times Observatory fundamental pitch
frequency

3.4.3 Shock. The shock environment due to activation of separation devices
and of on-board Observatory separation/deployment devices shall be analyzed.
The maximum expected shock environment is specified in Figure 5 and 10.2.

3.4.4 Acceleration. Maximum acceleration loads shall be determined from the
worst case vibroacoustic effects of quasi-steady acceleration and transient
response of the Observatory and Orbiter due to launch, recovery and wind
gusts. Where resonant frequencies of flight hardware mounting may couple with
launch or recovery transients (viz., < 50 Hz), the maximum expected
acceleration level shall account for possible dynamic amplification.
Preliminary design quasi-steady limit loads for 1ift-off and landing shall be
as specified in Table IX. General loads requirements for preliminary design

08/06/90 12 WP651/32-165/DC
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Table IX. Observatory Quasi-Steady Limit Loads (g)

Condition STS Axes
(See SVS-11100 for Transformation)
Xo Yo 20
Lift-Off! : +5.6 +3.2 +4.8
Landing (6.0 ft/sec sink rate) +3.0 #2.25 -6.3
Emergency Landing? +1.5 +1.5 +2.0
. -4.5 -1.5 -4.5

“ Note: 1. Lift-off loads contain the vibroacoustic contribution.

2. Emergency landing loads are ultimate loads and are applied
separately.

of secondary structure are a function of component design weight, as specified

in Figure 1. For each component, 1loads are applied 1in each axis
simultaneously or the vector sum is applied in the most critical direction, if
known.

The maximum acceleration environment for the design of flight hardware is
specified in 5.2.6.3 as the qualification/protoflight test levels.
Verification shall be by detailed analysis or test if analysis or other
considerations so dictate.

3.4.5 Acoustic field. The acoustic environment resulting from the launch
vehicle's engines and aerodynamic pressure fluctuations shall be analyzed.
The maximum expected acoustic environment is specified in Table XX as the
acceptance test requirements.

08/06/90 14 WPE51/32-165/DC
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Table X. Mechanical and glectrical I{nterfaces

4{—* sSPP ' \ HGA __X
Gimbal Assembly 47-292309 | ar-291625
Mechanical Interface with 47-281506 47294771
Qpservatory
Mechanical I{nterface with 47-282825 47-296756
Item Pointed
glectrical interface 47-290022 ’ 47-292021

3.2.1.1 Qutput step gize. Each pulse to 3 motor shall move the output shaf*
of each gimpal axis g.8977 ar¢c seconds nominal.

3.2.1.2 Load tnertia. The 1aG shall drive a load in either airection with
maximum vatue of inertia of 3.0 slug fectz for the HGA, and 43 slug feet2
for the SSPP, in each axis.

3.2.1.3 Stepping rates. Each axis shall drive the 1oads in etther direction
at any rate up to 150 pulses per second. Functional rates are listed in
Table 1.

3.2.1.4 Rotational acceleration. gach axis shall accelerate the 1oads for
the specified app\icat\on petween 2any rates as specifled in Taple I, in not
more than four pulses applied tO the motor. When the direction 1s reversed.

the hysteresis shall not exceed 40 motor steps.

3.2.1.5 FError gignature. The maximum 1nput-output error for poth axes shall
not exceed 50 arc-seconds during any 22 pulse (one second tracking) period.

7 WP726/571-185/LH
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200 ¢

180

180

Torque
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60
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1 1 |

1 so 62 _100, 150
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Figure 2. Starting Torque

3.2.2.10 Lubrication. Bearings and gear tooth elements shall be lubricated
with perfluorinated polyether ofl (based) lubricants sufficient to last the
design lifetime. Bearings and faying surfaces operating occasionally shall be )
Jubricated in accoreance with 171A4566.

3.2.2.11 Seals. The drive train shall be closed to external contaminants
except for parts having relative motion in the functional operation, which
shall have labyrinth seals.

3.2.2.12 Stiffness. The st1%fness of the output shaft relative to the outer
gimbal mounting shall be as shown in Table III and Figure 3.

Table III. Gimbal Stiffness

In plane of both axes Ka Ka
Load parallel to alpha axis | 1.5 x 104 1b/1n 1.5 x 104 1b/1n
Load along beta axis 2.2 x 104 1b/1n 3.1 x 103 1b/in

About alpha axis, beta axis 4.5 x 104 in. 1b/rad

TTENESS 1 WP726/571-185/LH
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I—-nz:rs- . 28.56

Figure 3. Gimbal Stiffness

3.2.2.13 Encodcr.'.Each axis shall measure the shaft angular position "with
the 17 bit absolute Shaft Encoder in accordance with SVS-11067. o

3.2.2.14 Cable wrap. Electrical power, cosmand, data, and Radio Frequency
(RF) shall be transferred across the gimbal rotating joints via wire wraps.

3.2.2.15 Coaxial cable. The coaxial cables shall be one segment through the
TAG. The cable shall have a Voltage Standing Kave Ratio (VSWR) not exceeding
1.35:1, and the insertion loss shall not exceed 1.40 decidels at fraquencies
between 2100 MegaHertz (MH2) and 2300 MHz.
Table IV. HWire Krap - Common
Deleted
Table V. MWire Nrap - SSPP Unique

‘Deleted

12 WP726/571-185/LH
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cause that fallure. Potential failure modes that could be caused by a single
element and that cannot be eliminated from the design shall be 1dent1fied in a
Critical Items list. Justification for the retention of Critical Items
elements shall be provided in the Critical Item 1ist.

3.2.4 Maintainability. The item shall be designed so that no regular
maintenance will be required. Removable dust covers or other protective
devices shall be provided over electrical connectors.

3.2.5 Environmental conditions. The TAG shall suffer no damage or any
degradation of performance below the level of the ?equirements specified
herein while exposed to, or after exposure to, the applicable environments as
specified in SVS-11111.

;‘NP 3.2.5.1 Temperature 1imits. Non-operating (survival) temperature limits
AN shall be -40 Degrees Centigrade (°C) to +85°C. Predicted orbital mission
P operating temperature limits shall be -10°C to +50°C.

3.2.5.2 Vibration. The random vibration environment shall be as specified in
SVS-11111. Sine vibration for structural verification shall be as specified
in SVS-11098.

3.2.5.3 Shock. The shock environment shall be as specified in SvsS-11111.

3.2.5.4 Pressure. The pressure environment shall be as specified in
SVS-11111. ‘

3.2.5.5 Acoustic noise. The acoustic noise environment shall be as specified
in SVS-11111. '

3.2.6 Transportability. The completely assembled TAG configured with the
observatory, shall be transportable by air and road with adequate provisions
for protection of the observatory from the transportation and handling

environments defined in SVS-11111.
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Figure 2. Signal Flow Diagram
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Table I. RIU Commands

SERIAL COMMANDS
NUMBER OF PULSES ALPHA/BETA AXIS
DISCRETE COMMANDS

GDE A ON/GDE B OFF

GDE B ON/GDE A OFF

BOTH A AND B OFF

STOW ENABLE

STOW EXECUTE

EXTERNAL CONTROL

FULL DUTY CYCLE ENABLE
FULL DUTY CYCLE DISABLE

3.2.1.1.1.1 Serial commands. Serial commands shall be received from the RIU
every 1.024/2.048 seconds depending on the GDE configuration (SSPP/HGAS
respectively), as shown in Figure 12. The serial command identifies the rate
to be executed during the next 1.024/2.048 second time frame. In order for
the command to be executed during the next period, the command must be
received a minimum of 270 microseconds prior to the start of that period.

Serial Command Format

ALPHA AXIS BETA AXIS
0} 1 718 {9 {10 15
D D jP
I DRIVE RATE I1]A DRIVE RATE
R (data LSB in bit #8) R |R (data LSB in bit #15)

Notes: 1) A data "1" in the direction (DIR) bit (bit 0) indicates the
positive direction of rotation.

2) PAR = parity bit (odd parity)

3) Drive Rate Alpha Axis = 0 - 127 pulses per 1.024 sec
(SSPP) Beta Axis = O - 63 pulses per 1.024 sec
(Command Resolution = 1 pulse)

4) Drive Rate - Alpha Axis = 0 - 254 pulses per 1.024 sec
(HGAS? Beta Axis = O - 126 pulses per 1.024 sec
(Command Resolution = 2 pulses)

24 UARS91/73-679/CR




Table II. GDE Telemetry Outputs

SVS-11066A
28 November 1988

Description Type
Science Telemetry Data (A) Serial
Engineering Telemetry Data (A) Serial
0BC Data (A) Serial
Science Telemetry Data (B) Serial
Engineering Telemetry Data (B) Serial
0BC Data (B) Serial
Temperature 1 Passive Analog
Temperature 2 Passive Analog
Temperature 3 Passive Analog
Temperature 4 Passive Analog
Temperature 5 Passive Analog
Temperature 6 Passive Analog
Power Supply A Voltage Analog
Power Supply B voltage Analog
PSS Sun Presence (A) Bilevel
PSS Power On (A) Bilevel
RIU A/B Selected (A) Bilevel
Stow Enable/Disabled (A) Bilevel
Stow Active/Disabled (A) Bilevel
Alpha Axis Stowed (A) Bilevel
Beta Axis Stowed (A) Bilevel
Gimbal Stowed (A) Bilevel
Full Duty Cycle Enabled/Disabled (A) Bilevel
Valid Command Received (A) Bilevel
Multiple Commands Received (A) Bilevel
Parity Error (A) Bilevel
! PSS Sun Presence (B) Bilevel
PSS Power On (B) Bilevel
RIU A/B Selected (B) Bilevel
Stow Enabled/Disabled (B) Bilevel
Stow Active/Disabled (B) Bilevel
Alpha Axis Stowed (B) Bilevel
Beta Axis Stowed (B) Bilevel
Gimbal Stowed (B) Bilevel
Full Duty Cycle Enabled/Disabled (B) Bilevel
Valid Command Received (B) Bilevel
Multiple Commands Received (B) Bilevel
Parity Error (B) Bilevel

NOTE: (A) or (B) indicates that telemetry is from "A" side or "B" side of

GDE, respectively.

27
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Table III. Telemetry Data Word Configuration

Update Cycle

Telemetry Buffer Format Rate Reset
Science TLM Science 1/SMIF SMAF
Engineering TLM Engineering 1/EMIF EMAF
0OBC Data Science/Engineering 1/SMIF SMAF

Serial Telemetry Data Word Format

Science Telemetry Word

Byte No 0 1 2 3 4 5 6 7
0 MSB —emmmmmeee (Alpha Axis Position)
1
2 LSB | MSB ---(Alpha Axis PSS Error)
3 LSB | PRT | SUN | CMD
4 MSB —=————emmeee (Beta Axis Position)
5
6 LSB | MSB ---(Beta Axis PSS Error)
7 LSB | FLG | PWR | TMR

Engineering Telemetry Word

Byte No 0 1 2 3 4 5 6 7
0 MSB ———me e (Alpha Axis Position) -
T -3 LSB | PRT | CMD
2 MSB ——vcmemmemme (Beta Axis Position)
3 2 - LSB | TMR | FLG

29 UARS91/73-679/CR
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Table III. Telemetry Data Word Configuration (Cont'd) .

OBC Data Word .
&
Contents
SSPP Configuration (Same as Science TLM) ‘
HGAS Configuration (As Follows)
Byte No 0 1 2 3 4 5 6 7
0 MSB -—-—em—mmm—- (Alpha Axis Position)
] - LS8 | SPR
2 V1 S —— (Beta Axis Position)—-----
3 -- -— -- LS8 | FLG

Notes: 1) MWhere the telemetry format contains less than the full component
data word, the telemetry data shall be the most significant bits.

2) SUN = PSS Sun Presence Signal
PWR = PSS Power On
CMD = OBC Rate CMD Not Received
PRT = Parity Error
FLG = Encoder READY Timeout
TMR = Multiple Rate Commands Received
SPR = Spare

formats. However, the OBC buffer shall contain either the science format or a
modified engineering format. The format provided is based on the GDE
configuration (SSPP/HGAS respectively). In the case of the Engineering
telemetry buffer, data word update attempts shall only occur on SMIF pulses
coincedent with the Engineering Minor Frame sync pulses, every 1.024 seconds.

In each case no data buffer updating shall be allowed from the start of the
data word transfer to the RIU to its completion, or until the cycle has been
reset by that format's associated major frame sync pulse. In this way, the
circuit is operated iﬁdependently of the telemetry rate. The telemetry
puffers shall contain the most recent data, and will remain intact until they
have been fully read. The telemetry update rates are summarized in Table III.

30 UARS91/73-679/DM
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Figure 6. Sensor Coordinate System
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Shift Direction

_—q
14
31 15
32 30 29 28 17 16 13 12 1 bit #
S P P R sun angle S S a sun angle
p W W (About PSS X P U (About PSS Y data
A R R axis) data word A N axis) data word out
R with MSB in R with MSB in —
E S S bit #17 E P bit #1
S T T S R
A A E
T T S
U U
S S

PSS Data Word

The Sun Presence bit is bit 13. When the Sun Presence bit is a one (1) the
angle data shall be valid. Power "ON" is indicated by a zero (0) bit in bit
Position 29 and a one (1) bit in bit Position 30. A1l spares shall be set to
sero (0). Power "QFF" is indicated by the same logic value in both bits 29
and 30. <A (1) in bit 29 and a (0> in bit 30 is an undefined combination
resulting from a logic failure.)

3.1.2.1.2 PSS data sampling rate. The time interval between compliete PSS
data word readouts by the GDE will be 32 milliseconds (msec) +1%.

3.1.2.1.3 PSS data word update timing. PSS data word update shall be
synchronized by the data sync pulse. The time interval between data sync

pulses will be 32 msec #1%. The « angle data shall be determined within 3.0
msec prior to the data sync pulse. The B angle data shall be determined
within 8.3 msec prior to the data sync pulse.

13 UARS50/40-579/DM
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3 SPECIFIC REQUIREMENTS ' 13

periods, both errors for each axis are within the limits required for operation
of an experiment, then the platform is considered to have acquired precision
tracking; that is, the drive transients have settled to steady state values.

The loss logic is to be exercised at regular intervals following acquisition.
If the acquisition threshold is violated for one or more consecutive sampling
periods, then some as yet unspecified action is to be executed. The action
taken is expected to vary from mode to mode and may be limited to simply
sending a message to an experiment or ground station.

The switch from open to closed loop tracking will be made after specific
conditions are satisfied. The algorithm used to determine whether or not
the switch from open to closed loop can be made is similar to the acquisition
algorithm.

3 SPECIFIC REQUIREMENTS

3.1 Gimbal Angle Error Compensation

The equalization network for the SSPP gimbal controller has been pre-
viously defined by P. Matheson®. The software required to implement the
digital filter is presented separately for the alpha and beta axes. The form
of the compensation is shown in the following equations.

A new compensator output, Yi.1, is to be computed from the preceding
samples of the algorithm state variables and the present sample of the
uncompensated gimbal angle error, A, as follows:

Ui = Au(G)) (2)

Yei1 = GeUi + (1 + G1)D1 441 +(2 — Ge) D21 + (1-G7)D3psr  (3)

where,

DI.IH-I 1 0 0 D1k Gg
D3 rs1 =|1+G;, -G -G+ Dy | + Gs |Ui - (4)
Ds'k+1 0 1 0 Dak 0

1See reference 11




3 SPECIFIC REQUIREMENTS ' 14

Yei next sample of compensator rate output (deg/sec)
A current sample of uncompensated gimbal angle error  ( degrees)
Us current sample of modified gimbal angle error (degrees)
Dy
( D ) kth sample of discrete state variables

Ds:

G; coefficients(see Table 1)(i=1,9)

k sampling period

The order in which the compensator equations are calculated is as fol-
lows:

1. The uncompensated position error is modified.
Ue = Au(Gs)

2. Limit U, (See section 3.5)

3. Save the previous controller states.

Dy(old) = D,(new)
Dy(old) = Da(new)
Ds(old) = Ds(new)

4. Calculate the new controller states.

Dy(new) = Ds(old)+ G8(Us)
Dsy(new) = Ds(old)(1+ G1)+ G8(Us) - D,(0ld)G6 — D5(old)G7
Dj(new) = Dj(old)

5. Limit the variable D, (See section 3.6)

6. Calculate the compensator output.

Yi.1 = Ui(G8) + Dy(new)(1 + G1) + Dy(new)(2 - G6) + Dj(new)(1 — G7)
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Figure 1: Top-Level Control Flow Diagram.
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Figure 4: Geometry of Spacecraft and Sun Vectors.
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Figure 6: Open Loop Target Tracking Mode Switching Flow Diagram.
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Figure 6: Subsystem Configuration for Full Functional Testing and Partial
Functional Testing.

)

o

t
al.




SVP-40434A SSPP Subsystem Test Plan 49

Figure 7: SSPP Subsystem Block Diagram for Full Functional Testing.
Note: Flight hardware shown with cross-hatching, simulated hardware with
shading. and test hardware unshaded.
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W ]
PSS FOV Calibration Validation

il

validation Paramater Value (arxrcseconds)

Pre- Post~-
calibration ¢calibration

Attitude Residuals for Normal FPass 12.20 8.81
Measure of total pointing accuracy near
centar of FOV.

Attitude Rasiduals for Offset Manaeuver. 15.01 12.17

Measure of total pointing accuracy
throughout the FOV.
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